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Abstract 
Experimental platform of Open-top chambers (OTC) was established in 2006 over a spring wheat system, it located 
at the National Field Observation and Research Station of Shenyang Agro-ecosystems, a member of Chinese 
Ecosystem Research Network (CERN) established in 1987. We compared the dynamics of soil microbial biomass C 
with high (225.0 kg N hm-2) and low (150 kg N hm-2) application rate of chemical fertilizer N exposed to the elevated 
CO2, O3, CO2 plus O3 and CK after the spring wheat growing season in 2010. The results showed that under elevated 
CO2 concentration at the jointing stage, high application rate of chemical fertilizer N significantly declined the 
amount of soil microbial biomass C by 64.97%, compared with the low N application rate of chemical fertilizer N 
(p<0.01). In treatment with low application rate of chemical fertilizer N, elevated O3 concentration significantly 
declined the amount of soil microbial biomass C by 52.49% (p<0.05), compared with CK. In treatment with high 
application rate of chemical fertilizer N, the interaction of CO2 and O3 increased significantly the amount of soil 
microbial biomass C by 50.03% (p<0.05), compared with CK. At the ripening stage, under elevated CO2 
concentration and interaction of CO2 and O3, high application rate of chemical fertilizer N significantly decreased the 
amount of soil microbial biomass C by 32.92% and 41.45%, compared with low N application rate of chemical 
fertilizer N, respectively (p<0.05). In treatment with low application rate of chemical fertilizer N, elevated CO2 and 
interaction of CO2 and O3 significantly increased the amount of soil microbial biomass C by 25.32% and 38.59% 
(p<0.05), compared with CK, respectively. 
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1. INTRODUCTION 
In the present, people are concerned about the global changes by the greenhouse effect increasingly 
which influences many fields such as agriculture, climate, environment, and so on.  Since the industrial 
revolution, the concentration of tropospheric carbon dioxide (CO2) and ozone (O3) have been rising due 
to human activity. Currently, the concentration of global CO2 have increased up to today’s 370 ppm, and 
are predicted to increase to 700 ppm by the end of the 21st century [1-2], while increase of O3 is expected 
to continue at the level of  1-2% per year, which may results in triplication of O3 concentration within the 
next 30-40 years [3-4].  
The effect of elevated CO2 are mainly considered beneficial for plants, and it will increase the 
photosynthesis, growth, and resource allocation of plant system since rising CO2 [5-6]. Thus, elevated 
CO2 may increase the production of organic compounds in above-below ground of plant system, and then 
will affect the activity of soil microbes [7]. Vegetation assimilates increasing amounts of C as 
atmospheric CO2 concentration [8], which may result in a flux of labile C to soils. Some experiments of 
CO2 enrichment have shown an increase in soil organic C [9], and more report on an increase in soil C 
inputs [10-11]. 
Unlike CO2, O3 is highly phytotoxic. O3 has a potential harm on the crop yield and the above-ground 
growth of soybean, cotton (Gossypium hirsutun L.), wheat (Triticum aestivum), and other crops due to 
inhibits the photosynthesis and other physiological processes [12-13]. Even more significantly, the 
harmful effects of elevated O3 may be extended to reductions in below-ground processes, such as carbon 
allocation and root growth [14-15]. And these will influence the active organic carbon pool in the soils. 
It has been reported that elevated CO2 could ameliorate the negative effects of O3 in above-ground 
processes [16]. In soybean, elevated CO2 increased nonstructural carbohydrate levels while O3 suppressed 
their accumulation [17-18]. Factors such as elevated atmospheric CO2 and O3 may affect the global C 
cycle, because the changes rates of organic C turnover by affecting the plant productivity and chemistry 
[19- 20]. 
To understand how soil organic matter affects soil quality and ecosystem functioning, we would gain 
through knowledge of its dynamics [21]. As a portion of the active carbon, the soil microbial biomass C 
(MBC) responds more rapidly than soil organic matter as a whole to changes in management practices, 
and MBC is a source and sink of biologically mediated nutrients, and is responsible for transforming 
organic matter and nutrients within soil. Elevated CO2 and O3 will affect the microbial communities that 
can cause alterations in the whole soil ecosystem. 
In this paper, an enrichment experiment with open-top chamber was conducted to examine the effects 
of elevated CO2, O3, their combination, and different application rate of chemical fertilizer N on the 
contents of MBC in the soil of spring wheat growing season. 
2.MATERIALS AND METHODS 
2.1. Study Site 
The enrichment experiment with open-top chamber was conducted at the National Field Observation 
and Research Station of Shenyang Agro-ecosystems, a member of Chinese Ecosystem Research Network 
(CERN) established in 1987 (41e31ĄN, 123e24ĄE) in the Shenyang suburb of Northeast China. This 
Station locates on the Lower Liao River Plain, with a humid and semi-humid continental monsoon 
climate of warm-temperate zone. The mean annual temperature is 7-8°C, with the minimum and 
maximum mean monthly temperature in January (-13eC) and July (24eC), respectively. The mean 
active accumulated temperature (ı10eC) is 3300-3400eC, total solar radiation is 5410-5600 kJ cm-2, 
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duration of frost-free season is 147-168 d, and mean annual precipitation is about 700 mm. The soil with 
10.78 g C kg-1, 1.23 g N kg-1 is meadow burozem, and pH was 6.99. 
The open-top chamber was 3 m in diameter and 2.8 m in height. CO2 and O3 were provided 24 h a day 
and 7 h at daytime (8:00-12:00 am, 14:00-17:00 pm), respectively. The CO2 and O3 concentrations in 
open-top chamber were respectively inspected by ES-D (SenseAir, Sweden)  infrared CO2 sensor and S-
900 O3 analyzer (S-900 Aeroqual, New Zealand), with a variance ±5.4%for CO2 and ±12.5% for O3.  
Four treatments were examined, i.e., control (ambient air with 342 ȝmol mol-1 CO2 and 40 nmol mol-1 
O3, CK), elevated CO2 (550 ȝmol CO2 mol-1), elevated O3 (60 nmol O3 mol-1), and elevated CO2 plus O3 
(550 ȝmol CO2 mol-1 plus 60 nmol O3 mol-1), which were arranged in a randomized complete block 
design with three replicates. Spring wheat (Triticum aestivum L.) cultivar Liaochun 17 was sown on 2 
April 2010 and harvested on 14 July 2010. Urea as basal fertilizer were applied with high (225 kg N hm-2) 
and low application rate (150 kg N hm-2) of chemical fertilizer N. Diammonium phosphate and potassium 
chloride were applied as basal fertilizer, with the application rate of 40 kg P hm-2 and 60 kg K hm-2, 
respectively. 
2.2.Sampling and Analysis 
Soil samples were collected at jointing (22 June) and ripening stages (14 July). Soil microbial mass C 
was determined by the fumigation-extraction method and by Multi N/C 3100 analyzer [22]. 
Effects of N fertilization, elevated CO2 and O3, and the combination of CO2 and O3 on accumulation of 
soil microbial mass C were statistically analyzed by One-Way ANOVA using SPSS 13.0 software. 
Differences were considered significant only when p < 0.05. 
3.RESULTS AND DISCUSSION 
3.1.The amount of MBC in the jointing stage 
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Figure1. The amount of soil microbial biomass C under different treatments at the jointing stage 
There were significant differences in the amount of soil microbial biomass C (MBC) between the 
treatments with low and high N application rate of chemical fertilizer N exposed to elevated CO2 
concentration (p < 0.01, Fig. 1). The amount of MBC was significantly lower at high application rate 
chemical fertilizer N than low application rate chemical fertilizer N by 64.97% at the jointing stage. The 
amount of MBC was lower by 53.59%, 3.99% and 3.58% at high application rate chemical fertilizer N 
than low application rate chemical fertilizer N under CK, elevated O3, O3 plus CO2 conditions at the 
jointing stage, respectively. This may be that high application rate chemical fertilizer N cause a reduction 
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of the biomass activity, and reduce the soil microbial biomass, and the result was consistent with that of 
Liang [23]. 
In treatment with low application rate of chemical fertilizer N, elevated O3 concentration significantly 
declined the amount of soil microbial biomass C by 52.49% (p<0.05, Fig. 1), compared with CK. 
Elevated CO2 concentration increased the amount of soil microbial biomass C by 27.59%, while the 
interaction of CO2 and O3 decreased the amount of soil microbial biomass C by 3.66% compared with CK, 
but the differences were not significant. It indicated that elevated O3 had harmful effects on the below-
ground process, which was consistent with Anderson [14]. 
In treatment with high application rate of chemical fertilizer N, the interaction of CO2 and O3 
increased significantly the amount of soil microbial biomass C by 50.03% (p<0.05, Fig. 1), compared 
with CK. Elevated O3 decreased the amount of soil microbial biomass C by 6.21%, while elevated CO2 
increased the amount of soil microbial biomass C by 6.63% compared with CK, but the differences were 
not significant (p>0.05, Fig. 1). 
3.2. The amount of MBC in the ripening stage 
In the treatments elevated CO2 concentration and interaction of CO2 and O3, high application rate of 
chemical fertilizer N significantly decreased the amount of soil microbial biomass C by 32.92% and 
41.45%, compared with low N application rate of chemical fertilizer N, respectively (p<0.05, Fig. 2). The 
amount of soil microbial biomass C was lower by 0.25% and 3.86% at high application rate chemical 
fertilizer N than low application rate chemical fertilizer N in the treatments with CK and elevated O3 
concentration at the ripening stage, respectively, but the differences were not significant (p>0.05, Fig. 2). 
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Figure2.The amount of soil microbial biomass C under different treatments at the ripening stage 
In treatment with low application rate of chemical fertilizer N, elevated CO2 concentration and 
interaction of CO2 and O3 significantly increased the amount of soil microbial biomass C by 25.32% and 
38.59% (p<0.05, Fig. 2), compared with CK, respectively.  
In treatment with high application rate of chemical fertilizer N, elevated CO2 concentration and the 
interaction of CO2 and O3 declined the amount of soil microbial biomass C by 10.42% and 4.88%, 
compared with CK, while elevated O3 concentration increased the amount of soil microbial biomass C by 
12.57%, compared with CK, but the differences were not significant (p>0.05, Fig. 2).  
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4.CONCLUSION 
At jointing and ripening stages, high application rate of chemical fertilizer N were lower than low 
application rate of chemical fertilizer N over all treatments. At the ripening stage, elevated O3 
concentration increased the amount of soil microbial biomass C compared with CK. In low application 
rate of chemical fertilizer N treatments, elevated CO2 concentration increased the amount of soil 
microbial biomass C compared with CK. 
ACKNOWLEDGMENT 
This work was financially supported by the Knowledge Innovation Programs of the Chinese Academy 
of Sciences (No. KZCX2-YW-QN403) 
REFERENCES 
[1] IPCC, “Climate Change 2007- the Physical Science Basis. Working Group I Contribution to the Fourth Assessment 
Report of the IPCC,” Cambridge University Press, 2007, Cambridge, UK, pp. 1009. 
[2] R. Vingarzan, “A review of surface ozone background levels and trends,” Atmospheric Environment, vol. 38(21), Jul. 
2004, pp. 3431-3442, doi: 10.1016/j.atmosenv.2004.03.030. 
[3] W. L. Chameides, P. S. Kasibhatla, J. Yienger, H. Levy II, “Growth of continentalscale, metro-agro-plexes, regional 
ozone pollution, and world food producion,” Science, vol. 264(5155), Apr. 2004, pp.  264,74-77, doi: . 10.1126/science.264.5155.74. 
[4] A. Marenco, H. Gouget, P. Nedelec, J. P. Pages, F. Karcher,. “Evidence of a long-term increase in tropospheric ozone 
from Pic du Midi series: consequences: positive radiative forcing,” Journal of Geophysical Research, vol.  99 (D8), Dec. 1994, pp. 
16617-16632, doi: 10.1029/94JD00021. 
[5] F. A. Bazzaz, “The response of natural ecosystems to rising global CO2 levels,” Annual Review of Ecology and 
Systematics, vol. 21, 1990, pp. 167-196. 
[6] L. M. Jablonski, X. Wang, P. S. Curtis, “Plant reproduction under elevated CO2 conditions: a meta analysis of reports on 
crop and wild species,” New Phytologist, vol.156(1), Oct. 2002, pp. 9-26, doi: 10.1046/j.1469-8137.2002.00494.x. 
[7] S. Hu, M. K. Firestone, F. S. Chapin III, “Soil microbial feedbacks to atmospheric CO2 enrichment,” Trends in Ecology 
and Evolution, vol. 14(11), Nov. 1999, pp: 433-437, doi: 10.1016/S0169-5347(99)01682-1. 
[8] R. J. Norby, E. H. DeLucia, B. Gielen, et al., “Forest response to elevated CO2 is conserved across a broad range of 
productivity,” Proceedings of the National Academy of Sciences, vol. 102 (50), Dec. 2005,  pp. 18052–18056, doi: 
10.1073/pnas.0509478102.  
[9] J. D. Jastrow, R. M. Miller, R. Matamala, R. J. Norby, et al., “Elevated atmospheric carbon dioxide increases soil 
carbon,” Global Change Biology ,vol. 11(12), Dec. 2005,  pp. 2057-2064, doi:  10.1111/j.1365-2486.2005.01077.x. 
[10] J. Lichter, S. H. Barron, C. E. Bevacqua, A. C. Finzli , et al., “Soil carbon sequestration and turnover in a pine forest 
after six years of atmospheric CO2 enrichment,”  Ecology, vol. 86(7), Jul. 2005, pp. 1835-1847, doi: 10.1890/04-1205. 
[11] M. R. Hoosbeek, Y. T. Li, G. E. Scarascia-Mugnozza, “Free atmospheric CO2 enrichment (FACE) increased labile and 
total carbon in the mineral soil of a short rotation poplar plantation,” Plant and Soil, vol. 281(1-2), Jan. 2006, pp. 247-254, doi: 
10.1007/s11104-005-4293-x. 
[12] D. L. Mauzerall, X. P. Wang, “Protecting agricultural crops from the effects of tropospheric ozone exposure: reconciling 
science and standard setting in the United States, Europe, and Asia,” Annual Review of Energy and the Environment, vol. 26, Nov. 
2001, pp. 237-268, doi: 10.1146/annurev.energy.26.1.237. 
[13] R. M. Adams, R. L. Horst. “Future directions in air quality research: economic issues,” Environment International, vol. 
29(2-3), Jun. 2003, pp. 289–302, doi: 10.1016/S0160-4120(02)00187-3. 
[14] C. P. Andersen, “Source-sink balance and carbon allocation below ground in plants exposed to ozone,” New Phytologist, 
157(2), Jan. 2003, pp. 213-228, doi: 10.1046/j.1469-8137.2003.00674.x. 
[15] J. Bender, E. Bergmann, A. Dohrmann, C. C. Tebbe, H. J. Weigel, “Impact of ozone on plant competition and structural 
diversity of rhizosphere microbial communities in grassland mesocosms,” Phyton -Annales Rei Botanicae, vol. 42, 2002, pp. 7-12. 
39Rui Fang et al. / Procedia Environmental Sciences 8 (2011) 34 – 39
[16] J. C. Volin, P. B. Reich, T. J. Givnish, “Elevated carbon dioxide ameliorates the effects of ozone on photosynthesis and 
growth: species respond similarly regardless of photosynthetic pathway or plant functional group,”  New Phytologist, vol. 138(2), 
Feb. 1998, pp. 315-325, doi: 10.1046/j.1469-8137.1998.00100.x. 
[17] C. D. Reid, E. L. Fiscus, K. O. Burkey, “Combined effects of chronic ozone and elevated CO2 on Rubisco activity and 
leaf components in soybean (Glycine max),” Journal of Experimental Botany, vol. 49(329), Jul. 1998, pp. 1999-2011, doi: 
10.1093/jxb/49.329.1999. 
[18] P. B. Morgan, E. A. Ainsworth, S. P. Long, “How does elevated ozone impact soybean? A meta-analysis of 
photosynthesis, growth and yield,”  Plant, Cell and Environment, vol. 26(8), Aug. 2003, pp. 1317-328, doi: 10.1046/j.0016-
8025.2003.01056.x. 
[19] J. L. Larson, D. R. Zak, R. L. Sinsabaugh, “Extracellular enzyme activity beneath temperate trees growing under 
elevated carbon dioxide and ozone,” Soil Science Society of America Journal, vol. 66(6), Mar. 2001, pp. 1848-1856, doi: 
10.2136/sssaj2002.1848. 
[20] W. M. Loya, K. S. Pregitzer, N. J. Karberg, J. S. King, C. P. Giardina, “Reduction of soil carbon formation by 
tropospheric ozone under increased carbon dioxide levels,”  Nature, vol. 425, Oct. 2003, pp. 705-707, doi: 10.1038/nature02047. 
[21] E. G. Gregoricha, B. C. Liang, C. F. Druryc, “Elucidation of the source and turnover of water soluble and microbial 
biomass carbon in agricultural soils,” Soil Biology and Biochemistry, vol. 32(5), May. 2000,  pp. 581-587, doi: 10.1016/S0038-
0717(99)00146-7. 
[22] R. P. Voroney, J. P. Winter, R. P. Beyaert, “Soil microbial biomass Cand N,” In: Carter MR (ed) Soil sampling and 
methods of analysis, 1993, pp: 277-286. 
[23] B. C. Liang, A. F. MacKenzie, “Effect of fertilization on organic and microbial nitrogen using 15N under corn (Zea 
mays L.) in two Quebec soils,” Fertilizer Research, vol. 44(2), Aug. 1995, pp. 143-149, doi: 10.1007/BF00750804. 
